INTRODUCTION
Groups of sex steroid concentrating brain neurons are likely to be involved in the steroid feed-back mechanisms which regulate sexual behavior sexual dimorphism in the central nervous system. Each volumetrically sexually dimorphic cell group in mammals examined for gonadal hormone-binding neurons by autoradiography has been shown to exhibit labeling (Arnold and Gorski, 1984) . In fact, steroid regulation of cell survival may be a common mean of generating sex differences in neuronal organization, for example, within the rodent spinal cord (Nordeen et al., 1985) or within areas of the hypothalamus (Arnold and Gorski, 1984) . We have also shown complex short and long term effects of estrogen in different regions of the rat brain (Pantic and Drekic, 1982; Drekic et al., 1990; 1995a,b) .
Morphogenesis of the entire hippocampal region, including dentate gyrus, in normal rats from embryonic (E) day E 10 to E 22 and on postnatal (P) days P1, P 7, and P 21 was extensively described and correlated with autoradiographic data (Bayer, 1980; 1982; Bayer et al., 1982) . During the embryonic period, postnatally and in adulthood, granule cells proliferate, migrate and degenerate (Cameron and Gould, 1996) .
Neurogenesis of rat dentate granule cells persists prenatally and postnatally up to 11 months of age and even in adults (Seki and Arai, 1995; Kuhn et al.,1996) .
The proliferating, developing and adult dentate granule cells have an affinity for and depend on steroid hormones i.e. adrenal corticosteroids (Teyler et al.,1980; Jaarsma et al., 1992; Watanabe et al., 1995; Rua et al.,1995; Cameron et al., 1995; Cameron and Gould, 1996) . Also, sex steroids bind to, affect and maintain both morphological and functional properties of the hippocampal region (Wooley and Mc Ewen, 1993; O' Keffe et al., 1995) . Estradiol treatment in ovariectomized rats significantly increases the number of NMDA receptor binding sites within the CA1 pyramidal cells and to a lesser extent, within the granule cell somata of the dentate gyrus (Gazzaley et al., 1996) . In this work we investigated postnatal development of the gyrus dentatus granular layer and its zones in neonatally estrogen treated female rats. We considered that the change in the number of dentate gyrus granule cells labeled by 3 H-thymidine autoradiography in treated female rats indicates their reactivity to estrogen. We have also found that females treated with two small doses of Testosterone Propionate (TP) in their early neonatal period experience smaller changes then females treated with one big dose in their late neonatal period.
MATERIALS AND METHODS
Neonatal female Wistar rats (total of 20 animals) were treated with a single dose of 1 mg of estradiol dipropionate, (ICN-Yugoslavia, Beograd), on the third day of postnatal life (P3). Simultaneously both treated (five female) and control (five female) rats were injected i/p with 80 mCi of methyl-3 H-thymidine (Amersham-TRK 120, sp. act. 21 Ci / mmol). The animals were killed under ether anesthesia at P 38.
Autoradiographic procedure
The brains were isolated, fixed in Bouine solution and processed for autoradiography using paraffin embedding. The hippocampal region was cut in 5 mm thick, serial transverse sections which were covered with ILFORD L4 emulsion and exposed for 5 months at 4 o C. After development with KODAK 19, sections were counterstained with hematoxylin.
The number of labeled granule cells was analised in both zones of the granular layer of the suprapyramidal and infrapyramidal limbs i.e. the subgranular (SGZ) and granular zones (GZ). However, we have found it necessary to describe and investigate an additional zone of the granular layer, which we named the extragranular zone (EGZ). It is the periferal zone of the granular layer facing the molecular layer.
On each 10th section of dentate gyrus, all cells in the granular layer, including labeled ones, were counted in all fields and the number of labeled granule cells was estimated. In other two groups of treated female rats we have colored hippocampus remedies using hematoxylin and we have studied the changes in certain parts of gyrus dentatus. Micrographs were taken by NU 2 Carl Zeiss microscope Jena.
RESULTS
In newborn female control rats treated with 80 mCi of 3 H-thymidine on the third postnatal day and sacrificed at 38 days of age(P38), labeled cells were found within both zones of the granular layer of the dentate gyrus. However, the majority of labeled cells was found in GZ. Figure 1 . Dentate gyrus of 38th days old female rats A -SM (stratum moleculare), SG (stratum granulare), H(hilus giry dentaty). (320x) A1 -increasing stratum granulare (400x) B -SGZ -stratum granulare, H -hilus giry dentaty (320x)
A A1
B A smaller number of 3 H-thymidine labeled cells was located deep in the granule cell layer facing the molecular layer. They had the main characteristics of dentate granule cells and in the control sections both the nucleus and cytoplasm stained paler (in control sections). However, we considered necessary to investigate these cells as a separate group and described this area as an extragranular zone (EGZ). In the newborn female rats treated with 80 mCi of 3 H-thymidine and 1 mg of estradiol on the third postnatal day (P3) and sacrificed at 38 days of life, there was an evident and significant increase in the number of labeled granule cells in the SGZ.
These cells were characterized by their small size and were darkly stained with hematoxylin in the control sections. The increased number of labeled cells was found in EGZ in both suprapyramidal and infrapyramidal limb.
Under the influence of estrogen the total population of granule cells in the suprapyramidal limb of dentate gyrus was control animals. The increased number of labeled neurons in the suprapyramidal limb was not distributed evenly in different zones.
The number of granule cells in the infrapyramidal limb also was increased. Distribution of labeled cells in different zones was higher: in SGZ and EGZ.
We have noticed that females treated with 2mg of TP in their 4th and 8th day of life experience smaller damages in the sub-granular layer of SGZ than females treated with 4 mg of TP at 15th day of their life. In female rats treated with two doses of TP on day 4 and day 8 day of their neonatal life there are no important damages in SGZ GS, but the opposite is noticed in the case of female rats treated with one higher dose of TP on 15 day of neonatal life. This is where we have noticed a greater number of degenerated glya cells and neurons in SGZ both parts dentate gyrus.
DISCUSSION
The development of the hippocampal dentate gyrus of the rat was extensively described (Bayer and Altman, 1974; Bayer, 1980) . Although the dentate gyrus is the last structure to appear, its origin can be followed from the early developmental stages. Cellular migration to the subventricular area in the concavity formed by the primordial Ammon's horn and subiculum at E16 and cellular accumulation in the subventricular dentate primordium at E18-E19 was described by Bayer (1980) . In the developing dentate gyrus, young granule cells are initially generated exclusively in the ventricular zone. However, the newly formed proliferative center in the subgranular zone can be considered as a displaced subventricular zone of the hippocampal formation that produces both neurons and glial cells destined for the dentate gyrus during the postnatal phase of development (Nowakowski and Rakic, 1981; Sidman and Rakic, 1982; Duffy and Rakic, 1983 ). On E20, the ectal (suprapyramidal) limb of the granule layer appears superficial to the hilus in the anterior and posterior dentate gyrus and not in intermediate coronal sections, but on E21 and E22 becomes more distinct throughout the dentate gyrus. The ended (infrapyramidal) limb is smaller, but develops rapidly in the first few days after birth (Bayer, 1980) . Furthermore, the process of naturally occurring cell death in the dentate gyrus suprapyramidal and infrapyramidal limbs has the corresponding time sequence to this described by Gould et al. (1991) . The most rapid growth rate of the granule layer in the monkey occurs between E20 -E21 and continually declines thereafter (the growth rate remains high during the postnatal period, P1-P7, and between P7-P21). The molecular layer is not present until P1 and its development increases between P1 -P7 (Nowakowski and Rakic, 1981) . In the rat and rabbit, neurogenesis in the dentate gyrus continues throughout adult life (Bayer, 1980; Bayer et al. 1982; Crespo et al.,1986; Parent et al., 1997) .
During our previous investigation of neurogenesis in amygdala nuclei of neonatal rats we have also monitored the neurogenesis of the cells of dentate gyrus due to the anatomical vicinity of amygdala and hippocampal structures (Lozance,1995; Cvetkovi}, 1995) .These observations are comparable with the results reported by Bayer (1980) . Present examination of dentate gyrus also represents the continuation of previous research on the influence of hormones, especially sex steroids, on amygdala and other structures of lymbic system in brain, including hippocampus. Results presented in this paper clearly indicate that estrogen caused a significant increase in the number of neurons in both, suprapyramidal and infrapyramidal limb of the dentate gyrus of treated young female rats. This increase was more pronounced in suprapyramidal limb and in labeled subpopulation of neurons than in infrapyramidal limb.
It is well known that several cell types of the rat hippocampus are targets for steroid (glucocorticoid) hormones, including the pyramidal cells of Ammon's horn and granule cells of the dentate gyrus (Gerlach and McEwen,1972; Gould, 1996, Drekic et al. 1998) . Hippocampal estrogen receptors (ER) mRNA levels increased significantly between birth and P4 where peak concentrations were found and than declined by P10. This suggests that the ontogeny of ER in the hippocampus is regulated by alterations in ER gene expression in specific neonatal populations. The postnatal rat hippocampus may be sensitive to estrogenic and testosterone trophic and organizational influence during a "critical period" of sexual differentiation (O' Keefe et al., 1995) . It is thought that testosterone and its metabolites sensitize an androgen-responsive system, while estrogenic metabolites establish the capacity to light in response to estrogenic stimulation later in life. Despite this, testosterone is only one of a myriad of factors that influence aggression and the effects of previous experience and environmental stimuli have at times been found to correlate more strongly (Simpson 2001) . Estradiol increases spine density on rat hippocampal CA1 pyramidal cells (Wooley and McEwen, 1993). There are not related data for dentate gyrus. The presence of labeled cells indicates the existence of DNA replication in investigated regions in the neonatal period (Drekic et al., 1990; 1995a,b) . DOI overcome the neonatal androgen effect in suppressing the positive feedback of ovarian steroids in a few males and androgenized females. DOI had a feminizing effect on the volume of the anteroventral periventricular nucleus (normally smaller in males, by significantly increasing its volume in male and androgenized females. It also had a significant antagonistic effect on the testosterone-induced increase in the volume of the sexually dimorphic nucleus of the preoptic area in males and androgenized females. These findings support the evidence that raised 5-HT activity in the second week of life antagonizes the masculinizng effect of neonatal testosterone (Siddiqui et al. 2004) .
In males, neonatal orchidectomy increased beta relative power, whereas both neonatal and adult castration reduced interparietal correlation. In females, prenatal testosterone administration produced higher theta absolute power; theta relative power was higher in all experimental groups, whereas beta l and beta 2 were decreased by prenatal and increased by neonatal virilization; prenatal virjlization enhanced, while neonatal virilization and adult ovariectomy decreased interparietal correlation. These data indicate that females are more sensitive to early prenatal than to neonatal organizational effects of sex steroids, and some electroencephalographic features are feminized in castrated males and virilized in perinatally androgenized females (Corsi-Carbera et al., 2000) .
With the exception of the greatest increase of labeled cells being in SGZ of both limbs, the other layers of dentate gyrus react differently. The number of labeled neurons in suprapyramidal limb GZ was unchanged, and in EGZ was increased, while in infrapyramidal limb GZ it was significantly increased. The number of labeled neurons in EGZ was increased in both suprapyramidal and infrapyramidal regions. This difference between suprapyramidal ("less sensitive" in that period of development) and infrapyramidal limb is well related to described neurogenetic gradients in development (Bayer, 1980) and cell death process in the dentate gyrus (Gould et al., 1991) . Also, in x-ray irradiated rats at P1 the dorsal blade of dentate gyrus was reduced but however still present and the ventral blade was entirely missing or rudimentary (Czurko et al., 1997) . In our experiment the number of labeled cells was not significantly change in the GZ of the suprapyramidal limb. Considering this fact, as well as different quantitative relationships in reaction to estrogen in different layers of the supra-and infrapyramidal limb, which reacted by an increase in the number of labeled cells, we can conclude that these two regions of the dentate gyrus and their zones react differently to administered estradiol in neonatal male rats. Generally we can conclude that estradiol increased 3 H-thymidine incorporation in deoxyribonucleic acid (DNA) of hippocampus dentate gyrus granule cells in the neonatal male rats. Furthermore, our findings suggest very fine specific local differences in proliferation and differentiation of nerve cells inside hippocampal dentate gyrus in early postnatal days caused by the influence of estrogene (Dreki} et al., 1998) .
We have noticed that females treated with 2 mg of TP in their 4th and 8th day of life experience smaller damages in sub granular layer of SGZ than females treated with 4 mg of TP at 15 a days of age. Female rats treated with two doses of TP on the 4th and 8th day of their neonatal life there are no important damages in SGZ GS, but the opposite is noticed in the case of female rats treated with one higher dose of TP at 15 days of neonatal life. This is where we have noticed a great number of degenerated glya cells and neurons in SGZ both parts of GD.
